by the Dirac equation; they offer the unique opportunity to investigate the intersection of special relativity and quantum mechanics. However, materials exhibiting Dirac surface states are relatively rare, the most notable examples being graphene [1] , Z 2 topological insulators [2] , and topological crystalline insulators (TCIs) [3] . Experimentally known topological insulators are based on a limited range of materials and structure types: strained HgTe, Bi x Sb 1−x , (Bi/Sb) 2 (Se/Te) 3 , Tl[Bi/Sb](S/Se/Te) 2 , and Bi 14 Rh 3 I 9 [4] [5] [6] [7] [8] with many others theoretically predicted [9] [10] [11] [12] . Materials which combine topological surface states with superconductivity have the ability to test the predictions of new states of matter and exotic quasiparticles, such as Majorana fermions, and open the field for new technologies such as quantum computing [13] [14] [15] [16] . Producing such materials has been a challenge: the known methods of combining these two properties are proximity effects and doping (Cu-doping of Bi 2 Se 3 and In-doping of Sn 1−x In x Te) [17] [18] [19] , which limits studies to small samples and/or materials with low volume fraction superconductivity.
Here we report the discovery of Dirac-like surface states in the tetragonal perovskites The surface states are predicted by density functional theory (DFT) to be Z 2 topologically protected due to a spin-orbit-driven band parity inversion at the Z point. This is the first observation of Dirac-like surface states in a material with the perovskite structure and represents a possible new, non-trigonal class of Z 2 topological compounds. Moreover, we show that ∼100% volume fraction superconductivity is possible in Tl 5 Te 3 , making it an ideal compound in which to explore the coupling between bulk superconductivity and Dirac-like surface states, i.e., a "topological superconductor."
RESULTS

Angle-Resolved Photoemission Spectroscopy
The [Tl 4 ]MTe 3 (M = Sn, Pb, Bi, Sb, La, Nd, and Mo [20] [21] [22] [23] ) family of compounds has perovskite structure (ABO 3 ) described by Glazer notation a 0 a 0 c − with body-centered tetragonal symmetry [24, 25] . The cavities of a three-dimensional network of corner-sharing M Te 6 octahedra are occupied by interconnected Tl 4 tetrahedra [ Fig. 1(a) ].
In Fig. 2 If electron-doped to the gap at Z opened by spin-orbit coupling, this system would be a topological semi-metal due to high-lying valence band states at the Γ point. The resulting situation is thus similar to that found in pure antimony [5] . Furthermore, we have calculated the Z 2 invariant to be -1 by taking product of the parity of all the bands at the Γ and Z To understand the driving force behind the topological transition, we investigated the origins of the large gap opening at the Z point when Sn is substituted for Tl. There are two major structural changes when this doping is performed: a sizable change in lattice parameters, particularly the increase in the c axis relative to a, and cation mixing. In order to isolate the effect of lattice parameters, the band structure of Tl [26, 27] , we performed a comprehensive specific heat and magnetization study of the superconducting properties. Our specific heat data collected on a polycrystalline chunk under zero magnetic field reveal a clear λ-anomaly. An equal-entropy construction, shown in Fig. 6(a) , indicates bulk superconductivity with a T c = 2.40(1) K. The ratio ∆C el /(γT c ) = 1.63 is close to, but slightly greater, than the weak coupling Bardeen-CooperSchrieffer (BCS) value of 1.43 [28] . The normal state heat capacity, measured under H = 5 kOe, is well described by C n = γT + β 3 T 3 + β 5 T 5 , where the term linear in T represents the electronic contribution and the higher order terms represent the lattice contribution [29] .
The fit yields an electronic Sommerfeld coefficient of γ = 10.6(1) mJ mol f.u. 8 K) is defined as the magnetic field, parallel to the i direction, at which the magnetic response deviates from a linear field-dependence. We call this H * i rather than the strictly defined lower critical field H c1,i because the presence of surface states may produce spurious effects in the measured magnetic response. Note this observed threefold anisotropy is merely a lower bound of the extent of the anisotropy present in the bulk superconducting state: any intrinsic material defect of the crystal or minor experimental misalignment would result in contribution from the perpendicular direction. In short, Tl 5 Te 3 appears to be a single-gap BCS superconductor. It is thus an ideal material in which to probe whether topological surface states participate in superconductivity, or how these gapless states affect, and are affected by, the bulk superconducting gap. exhibits a four-fold warping consistent with its tetragonal symmetry. At higher binding energies, the surface state appears to intersect and begin to hybridize with the bulk bands [such as around 0.6 eV in Fig. 2(a) ], forming a surface resonance with some k z dependence in the Fermi velocity. However, at energies near E F within the bulk bandgap, this band exhibits a slightly higher Fermi velocity shown in Fig. 2(c) . Third, DFT analysis shows that The coexistence of topologically protected Dirac-like surface states and superconductivity in Tl 5 Te 3 make it a candidate "topological superconductor." Topological superconductivity is highly sought after due to the prediction of massless Majorana fermions, which have great potential to advance technology, specifically in the area of quantum computing, and to improve our knowledge of fundamental physics. Although superconductivity has previ-ously been achieved in topological systems via proximity effects and by doping, experiments investigating the phenomenon are hindered by several factors. For example, while superconductivity has previously been realized in Cu x Bi 2 Se 3 by intercalating copper into the Van der Waals gaps between layers, a small superconducting volume fraction is observed in this material [18] . Further, the substitution of copper for bismuth (Bi 2−x Cu x Se 3 ) competes with copper intercalation (Cu x Bi 2 Se 3 ), thereby limiting the attainable Cu dopant concentration and producing inhomogeneous samples [18] . Superconductivity in topological insulators has also been successfully induced in Bi 2 (Se/Te) 3 by the proximity effect, but studies are then limited to thin sample regions [17] . Sn 1−x In x Te and LaPtBi are also candidate materials, but the former is a TCI and the latter lacks a center of inversion, complicating efforts to understand them [10, 19] .
In contrast to these materials, the [ 
Physical Properties Measurements
Physical property measurements were performed on a Quantum Design, Inc. Physical
Property Measurement System. Low-temperature heat capacity data from T = 0.15 K to 4
K were collected on a polycrystalline chunk with the aid of a dilution refrigerator. ARPES measurements were performed at the Synchrotron Radiation Center in Wisconsin at the U3 beamline with a VG Scienta R4000 electron analyzer at a base temperature of 30 K and a pressure of 8 × 10 −11 torr as well as a lab-based ARPES system with a VG Scienta R4000 analyzer and VUV5000 helium plasma discharge lamp (hν = 21.2 and 40.8 eV) and monochromator at a temperature of 10 K and a base pressure of 6 × 10 −11 torr. Samples were cleaved in situ along the c axis in ultra-high vacuum in order to expose atomically clean surfaces. Due to the three-dimensionally bonded structure, cleaved samples did not yield entirely flat surfaces, but still possessed regions with reasonably large flat facets.
Density Function Theory Calculations
First principles (DFT) calculations were performed with full-potential linear augmented wave formalism as implemented in WIEN2k [30] . Exchange-correlation energies are calcu-lated with Perdew-Burke-Erzenhof (PBE) functional [31] . An 8x8x8 unshifted k-point grid is used in the Brillouin Zone of the primitive body-centered tetragonal cell. Results reported were double-checked by repeating calculations in Projector Augmented Wave (PAW)
formalism, as implemented in VASP, and no disagreements were found [32] . 
